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Evaluation of Wearable Simulation Interface for

Military Training

Grant S. Taylor, University of Central Florida, Orlando Florida, and John S.
Barnett, U.S. Army Research Institute, Orlando, Florida

Objective: This research evaluated the training
effectiveness of a novel simulation interface, a wearable
computer integrated into a soldier’s load-bearing
equipment.

Background: Military teams often use game-based
simulators on desktop computers to train squad-level
procedures. A wearable computer interface that mimics
the soldier’s equipment was expected to provide better
training through increased realism and immersion.

Method: A heuristic usability evaluation and two
experiments were conducted. Eight evaluators interacted
with both wearable and desktop interfaces and completed a
usability survey. The first experiment compared the training
retention of the wearable interface with a desktop simulator
and interactive training video. The second experiment
compared the training transfer of the wearable and desktop
simulators with a live training environment.

Results: Results indicated the wearable interface was
more difficult to use and elicited stronger symptoms of
simulator sickness. There was no significant difference
in training retention between the wearable, desktop, or
interactive video training methods.The live training used in
the second experiment provided superior training transfer
than the simulator conditions, with no difference between
the desktop and wearable.

Conclusion: The wearable simulator interface did not
provide better training than the desktop computer interface.
It also had poorer usability and caused worse simulator
sickness. Therefore, it was a less effective training tool.

Application: This research illustrates the importance
of conducting empirical evaluations of novel training
technologies. New and innovative technologies are always
coveted by users, but new does not always guarantee
improvement.

Keywords: simulator, training, computer interface, usabil-
ity, training effectiveness, training transfer, wearable simula-
tion interface
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INTRODUCTION

There is considerable interest in the military
training community related to the use of
computer games as simulators for training.
Modifications of game engines can replicate
realistic environments with the user’s avatar
performing realistic tasks. The virtual environ-
ments and avatars can simulate the performance
of certain tasks with enough realism that users
can utilize them to learn, practice, and improve
skills (Seymour, 2008; Witmer, Bailey, &
Knerr, 1995).

Simulators have certain advantages over live
training. Tasks that are normally trained in a
live setting (range, field, or using actual equip-
ment) can often be trained in simulators at
reduced cost. Simulated environments do not
have the same scheduling, safety, transporta-
tion, or logistic concerns that live training
ranges have. Simulated environments can also
be modified at far less cost than traditional
training ranges and provide a setting to safely
practice tasks that would be too dangerous for
live training. Thus, although simulated virtual
training environments cannot replace live train-
ing, they are sometimes more appropriate for
certain training situations than live training.

A review conducted by Knerr (2007) analyzed
the need for and expected benefits of dismounted
soldier training using simulators in virtual envi-
ronments. One of the recommendations of this
review was to evaluate the effectiveness of fully
immersive simulators compared to desktop inter-
faces for dismounted infantry training. This article
discusses a series of experiments conducted for
this purpose. The evaluated system was a wear-
able computer interface that simulates the weapon
and load-bearing equipment an individual soldier
would wear and use in the field. The wearable
interface used body motion as input and allowed
the soldier to interact with the virtual environment
in a more natural way than using a desktop inter-
face. These features have led previous users
and training administrators to assume that the
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wearable interface provided training transfer
superior to that from an equivalent desktop inter-
face (Knerr, Garrity, & Lampton, 2005). This
assumption was based on support from the identi-
cal elements theory (Holding, 1965; Thorndike &
Woodworth, 1901), which states that training
transfer is based on the degree to which the stimuli
and responses utilized in training match those of
the final performance environment. The wearable
interface did indeed provide a training environ-
ment that more closely matched the performance
environment; however, its training effectiveness
relative to desktop simulators or traditional class-
room or field training had not been empirically
evaluated.

To assess the effectiveness of the wearable
interface, a usability evaluation and two train-
ing transfer experiments were conducted. The
usability assessment was a heuristic evaluation
to identify the relative usability of the wearable
and desktop interfaces, as well as to identify
any usability concerns that might detract sig-
nificantly from the training utility of the inter-
face. The two experiments compared the ability
of the wearable interface to train military tasks
with both a desktop interface and a nonsimula-
tor control. The first experiment assessed the
retention of declarative knowledge, while the
second experiment focused on training transfer
of procedural skills.

Background

Heuristic usability evaluations. A heuristic
evaluation is a means of considering a product
or design to determine if it follows standard
usability criteria. Its purpose is to find the most
salient human-system interaction discrepancies
(between the design and accepted usability
practices), either for the evaluation of a system
prior to its implementation or to guide the
development team throughout the iterative
design process. The process is designed to be
easy to use, quick, and inexpensive, unlike more
in-depth usability analyses that can be complex,
expensive, and time-consuming. Nielsen refers
to it as “discount usability engineering” (Nielsen
& Mack, 1994, p. 25).

In a heuristic evaluation, a number of evalu-
ators interact with the product and evaluate it
against a set of heuristic usability criteria, which

serve as a framework for the evaluation. The
heuristics were derived from a factor analysis of
249 usability problems (Nielsen & Mack,
1994). For a thorough description of the usabil-
ity heuristics, see Nielsen (1993).

Simulation training. A key question in simu-
lator training and the use of virtual environ-
ments (VE) is how realistic must practice be to
improve performance (Dorsey, Russell, &
White, 2009). Ideally, the procedures practiced
in the simulator should be identical to those for
the real environment. However, for practical
reasons this is not always feasible. For example,
when a game-based simulator is used with a
desktop computer interface, the trainee uses a
keyboard and mouse to perform his or her
actions rather than the physical movements nor-
mally required for the skill. s the student in this
simulator still learning?

The answer to this question often depends on
the type of skills to be learned. Motor skills
involve bodily movement and fine muscle coor-
dination. Cognitive skills involve remembering
procedures required to perform a task and
sometimes problem solving. Learning motor
skills through simulation requires the simula-
tion to be an accurate representation of the
physical operation of the real-world system. On
the other hand, learning cognitive skills requires
the learner to remember and think through the
correct procedures, while the exact physical
movements are less important (Wickens, 1992).

While a trainee in a simulator may not be
performing the motor tasks the skill requires, he
or she is typically performing the cognitive pro-
cedural tasks and therefore may be improving
their performance with the skill. A simulator
that allows the trainee to use relevant motor
movements in training may improve training
transfer if these movements are relevant to the
skills being learned.

Immersion in simulator training. A VE that
has a greater sense of immersion should produce
higher levels of presence, the subjective feeling
of being in one environment when actually being
in another (Knerr et al., 1998). While immersion
is primarily a mental state, the physical analog is
fidelity. Fidelity is composed of three subcatego-
ries: physical, functional, and psychological
fidelity (Hays & Singer, 1989). Physical fidelity
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describes the extent to which a simulator pro-
vides a sensory experience (e.g., visual displays,
auditory signals, physical controls, etc.) for train-
ees that matches the intended environment.
Functional fidelity is determined by the simula-
tor’s ability to react appropriately to actions trig-
gered by trainees. Psychological fidelity
describes the extent to which the simulator
induces the appropriate psychological response
(e.g., fear, stress, engagement, etc.) in trainees.

Although it is logical to believe that a simu-
lator with high fidelity will train better than a
lower fidelity system, research has shown that
this is not always true (Wickens, 1992). In some
cases, the added realism of high-fidelity simula-
tors may not provide enough training improve-
ment to justify the increased costs. In other
cases, simulators with high fidelity but that are
not an exact match to the simulated system can
force users to learn simulator-unique actions
that are incompatible with the real system.
These simulator-unique behaviors can actually
interfere with the learning of skills needed for
the real system. Wickens (1992) suggests it is
important to know which components of train-
ing have to be similar to the target task and
which are less important to learning.

The use of wearable simulators for dismounted
soldier training is a relatively recent development.
Initial studies investigating their effectiveness
found that although early systems did allow sol-
diers to perform basic infantry tasks, they were too
bulky and lacked the fidelity in their visual and
weapons systems necessary to be truly useful
(Lockheed Martin, 1997; Pleban, Dyer, Salter, &
Brown, 1998). Over the past decade, simulation
technology has continued to advance, and
researchers have continued to investigate their
usefulness for the training of dismounted soldiers
(see Knerr, 2007). However, this research has
been limited, and the research that has been done
has primarily revolved around subjective ques-
tionnaires to assess users’ perceptions of the sys-
tem, rather than objective measures of their
training effectiveness (Knerr et al., 2005).

Research Goals

Although prior research has found subjective
opinions to support the use of wearable simula-
tor interfaces, an empirical assessment was

necessary to definitively evaluate their effec-
tiveness. A number of factors were considered
when validating the training ability of this
novel interface. Of course, training perfor-
mance was the primary concern, but this can
encompass multiple factors. For example, a
system may offer no benefit for the training of
basic declarative knowledge while significantly
improving the training of procedural skills.

Beyond training performance, other second-
ary factors were also considered. Certain posi-
tive factors, such as motivation or presence,
may make novel interfaces worthwhile even if
they do not directly improve training. On the
negative side, poor usability, simulator sick-
ness, or excessive workload are all factors that
can potentially negate improvements in training
performance.

Cost, in terms of money or time, was also
important. An interface that provides slightly
improved training at a substantially greater cost
will decrease long-term training efficiency
(Wickens, 1992). Conversely, an interface that
provides equivalent training at reduced cost
would be preferred.

This series of evaluations sought to provide
an empirical assessment of the use of wearable
simulation interfaces for military training. The
assessment began with a usability evaluation to
determine the system’s ease of use, which
directly affects its utility as a training tool.
Desktop computers have been commonplace
for decades, even within the realm of simulated
training environments, and therefore the design-
ers of these systems have likely recognized
and resolved any major usability concerns.
Conversely, given the relatively recent develop-
ment of the wearable interface, as well as its
limited market, the designers of wearable inter-
faces have had less opportunity to recognize
these usability problems, and therefore the
wearable interface was predicted to exhibit
more significant usability concerns than a stan-
dard desktop interface.

However, once identified, usability problems
can often be overcome relatively -easily.
Therefore, two additional experiments were
conducted to evaluate the larger issue of the
system’s training capabilities. The first experi-
ment compared the wearable interface to other
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current standards in their ability to train
declarative knowledge, while the second
focused on the transfer of procedural knowl-
edge from training to a live environment. The
two experiments also evaluated critical sec-
ondary factors, such as simulator sickness,
motivation, presence, and workload. For both
experiments, the increased physical fidelity
of the wearable interface was expected to
improve training effectiveness. The wearable
interface was also expected to improve pres-
ence and motivation by providing a more
immersive experience for trainees. However,
the use of the wearable interface’s head-
mounted display was expected to increase
feelings of simulator sickness.

STUDY 1: USABILITY EVALUATION
Method

Evaluators. Eight evaluators (seven male,
one female; age: M = 33.5, SD = 12.01) ana-
lyzed both the desktop and wearable versions of
the simulator. Five were graduate students
familiar with usability principles; two were
applied psychologists, also familiar with usabil-
ity principles; and one was a U.S. Army officer.
Six of the evaluators had used the GDIS (Game
Distributed Interactive Simulation) desktop
system before, and three had experience with
the wearable version.

Software. The simulation software, GDIS,
was an immersive virtual environment devel-
oped by the Research Network Institute as a
modification of the Half-Life graphics engine
developed by Valve (Figure 1). All human char-
acters not controlled by research participants
(e.g., enemy soldiers, civilians, etc.) were con-
trolled automatically by the GDIS system. All
activities in GDIS took place in a virtual repre-
sentation of the McKenna Military Operations
in Urban Terrain (MOUT) training site located
in Fort Benning, GA.

Desktop simulator. The desktop simulator
was a Dell XPS computer, with a 2.66 GHz
Intel Core 2 Duo CPU, 4 GB of RAM, an
NVIDIA GeForce 8800 GTX graphics card, and
a 20” LCD monitor with a 16:10 aspect ratio. A
standard keyboard and optical mouse were used
for controls, and headphones were used to hear
sounds from the simulated environment. The

Figure 1. Participant’s view within GDIS (Game
Distributed Interactive Simulation).

controls used for the simulation were typical of
other PC-based first-person shooters, with the
W, S, A, and D keyboard keys controlling the
avatar’s movement, and the mouse controlling
their view and the aim of the weapon.
Wearable simulator. The wearable simulator
was an ExpeditionDI system developed by
Quantum3D. The system consisted of a Ther-
mite 1300 Tactical Visual Computer (1.4 GHz
Intel Pentium processor, 1 GB RAM, ATI
Mobility Radeon X300 graphics), which was
worn on the back of a load-bearing vest. A hel-
met-mounted eMagin Z800 SVGA OLED visor
provided two displays (one for each eye), each
with 800 x 600 resolution with a 40° (diagonal)
viewing angle. The displays were large enough
to provide an immersive experience but still
small enough not to completely occlude the
wearer’s view of their immediate surroundings,
allowing them to maintain balance and avoid
collisions through peripheral vision. The sys-
tem was fully self-contained and the user was
not tethered to any external equipment. The
user’s movements were tracked via three tri-
axis motion sensors connected to the head (hel-
met), simulated weapon, and thigh. The user
controlled their avatar through a combination of
their own natural movements along with a small
joystick and series of buttons on the front hand-
grip of the simulated M4AT1 rifle (Figure 2). The
user’s head movements were used to control
their view within the simulation, movement of
the simulated weapon controlled the position
and aim of the virtual weapon, and the leg
tracker detected the user’s posture (standing or
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(b)

Figure 2. U.S. Army soldier wearing the ExpeditionDI wearable simulator interface (a).
The front handgrip controls from the simulated M4A1 rifle (b).

kneeling) to adjust the avatar’s position
accordingly.

Procedure. Evaluators were welcomed by
the experimenters and then given an overview
of the evaluation with definitions of the 10 heu-
ristic principles (Nielsen, 1993; see Table 1)
and allowed time to become familiar with them.
Next, they were introduced to either the desktop
or wearable simulator (with the system order
counterbalanced) and briefed on the controls.
They were allowed to practice with the controls
until they became familiar with them. As part of
the control familiarization, the experimenter
asked them to perform a list of actions and
prompted them on which control to use if
necessary.

Once the evaluators were ready, the experi-
menter guided them through a scenario by
asking them to perform a series of tasks. When
necessary, the experimenter would provide
guidance on how to complete the action. The
scenarios were designed to incorporate all
of the functions the simulator could perform
related to common military tasks such as

movement, observation, target engagement, and
communication.

When the evaluators completed the scenario,
they were asked to record their evaluation on a
questionnaire. The questionnaire asked them to
rate the simulator on each of the 10 heuristic
principles using a 5-point Likert scale. The
questionnaire also had space to discuss specific
usability concerns. Evaluators were encouraged
to report all usability concerns that they
encountered.

Evaluators then followed the same procedure
with the other simulator, using a different sce-
nario. The two scenarios included the same
tasks but in a different order and followed a dif-
ferent path through the environment. The order
of the two scenarios was also counterbalanced
independently of simulator order. After com-
pleting the second scenario, the evaluator again
responded to the same usability questionnaire.

After all evaluators completed this process,
the experimenters analyzed the responses,
aggregated similar comments, and identified 24
unique usability concerns. Due to the time
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TABLE 1: Mean (and median, in parentheses) Reviewer Ratings of the Usability Heuristics Using a Scale

From 1to 5
Usability Heuristic Desktop Wearable Wilcoxon Z p (two-tailed)
Recognition rather than recall 4.14 (4) 2.50 (2) 1.98 .048*
Help and documentation 4.00 (4) 2.66 (2) 0.44 .655
Visibility of system status 4.42 (4) 3.25(3) 2.23 .026*
Error prevention 3.75 (4) 2.62 (2.5) 1.56 119
Help users recognize, diagnose, 3.50 (3) 2.75 (3) 2.00 .046*
and recover from errors
Aesthetic and minimalist design 4.62 (5) 4.25 (4.5) 1.13 257
Consistency and standards 4.50 (5) 4.14 (4) 0.73 461
User control and freedom 3.85 (4) 3.50 (3) 0.81 414
Flexibility and efficiency of use 3.83 (4.5) 3.57 (4) 1.73 .083
Match between system and the 3.75 4) 412 (4) 0.79 429

real world

Note. Larger numbers indicate better system performance. ltems are ranked by the difference between the means
of each group, with cases in which the desktop ranked higher than the wearable interface at the top.

*p <.05

required to consolidate all of the evaluators’
comments, a follow-up survey allowing the
evaluators to rate the severity of each identified
usability concern was conducted online. The
time delay between an evaluator’s initial system
evaluation and completion of the subsequent
survey ranged from 5 to 16 days. Evaluators
rated each usability concern on a scale from 0 to
4 for its frequency (how often the problem
occurred), impact (difficulty in overcoming the
problem), and persistence (would the problem
endure over time as the user gained experience
with the system), following guidance from
Nielsen and Mack (1994).

Results

Heuristic ratings. The results of the review-
ers’ ratings of the usability heuristics for both
systems are presented in Table 1. Ratings were
made on a 5-point Likert scale, with higher val-
ues indicating better system performance. A
series of Shapiro-Wilk tests determined that 8 of
the 20 variables significantly deviated from a
normal distribution (p < .05 in each case) and so
Wilcoxon Signed Ranks tests (the nonparametric
equivalent of a ¢ test) were conducted to deter-
mine group differences between the two simula-
tors within each of the usability heuristics. These

tests determined that the desktop system was
rated significantly better on the visibility, recog-
nition, and error recovery heuristics (p < .05 in
each case). The desktop system also received
better average ratings on all other usability heu-
ristics, except for match, though these results
were nonsignificant.

Specific usability concerns. A total of 23
unique usability concerns were identified from
the evaluators’ responses. Of these, 11 applied
to both systems, 9 were specific only to the
wearable system, and 3 were specific only to
the desktop simulator (Table 2).

Although the evaluation rated two simulator
versions, the results highlight that there are
actually three systems being examined: the
wearable interface, the desktop interface, and
the GDIS environment that both interfaces dis-
play. In fact, many of the concerns related to
both interfaces were actually concerns with the
GDIS environment. However, because a user
cannot use the GDIS environment without an
interface, or an interface without a virtual envi-
ronment, it is appropriate to consider the usabil-
ity concerns of the virtual environment to affect
both the desktop and wearable interfaces.

In addition to the total number of usability
concerns, it is important to consider the magnitude
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TABLE 2: List of Usability Concerns Determined for Each System

Usability Problem System Average Rating

Aiming is difficult due to problems calibrating the weapon and Wearable 3.67
interference between the weapon and display preventing
holding the weapon in a proper firing position.

Actions requiring the use of the four handgrip buttons Wearable 3.54
(especially those that require combinations of buttons) are
difficult to remember and require additional training.

The handgrip controls on the wearable system are difficult to Wearable 3.46
use when pressing buttons in combination, requiring exact
timing for combination presses.

It is difficult to determine cardinal direction. Both 3.13

The system causes sweating, nausea, claustrophobia, and Wearable 2.88
headache.

The thigh tracker requires too specific of an angle to cause Wearable 2.83
the avatar to kneel.

The system is prone to brief freezes, low frame rate, and lag. Wearable 2.50

The fact that some of the controls are natural movements Wearable 242
makes those that are unnatural (i.e., moving with the
thumbstick) seem awkward and unnatural.

The weapon selection process is difficult, especially the speed Both 2.38
required to select a highlighted weapon in order to activate it.

Additional instruction is needed for inexperienced users. Both 2.29

Throwing grenades accurately is difficult. Both 2.17

Some of the display information is confusing/unnecessary/ Both 2.11
unrealistic (team affiliation, “health” value, crosshair,
unlabeled ammo numbers).

It is easy to fire the weapon accidentally. Both 2.04

Pressing the “Windows" key (between “Alt” and “Control”) Desktop 2.00
switches to the desktop. Switching back to the simulation
does not always load properly, requiring a restart.

The simulated weapon works differently than real weapons Wearable 2.00
(unable to switch between semi/auto, charging handle
unused, no separate trigger for firing rifle grenades).

No help system is provided (though it is arguable whether one Both 1.88
should exist outside of providing basic control information).

Modifying the controls requires connecting to an external Wearable 1.74
keyboard and editing a text file. Not all button combinations
are available.

Mistakes can be easy to make by accidentally pressing a button. Both 1.67

Direction of movement is directly tied to the direction you are Both 1.48
looking.

A printed control sheet is necessary to remember all of the Desktop 1.33
controls.

The amount of weapons/ammunition that can be carried is Both 1.25
potentially unrealistic.

The researchers/instructors provided necessary help/ Both 1.17
instruction throughout the session.

Some of the controls do not work as initially expected (e.g., Desktop 1.08

"O" for map/compass).

Note. Ratings are the average of all reviewers’ responses for the item'’s frequency, impact, and persistence, with
higher numbers indicating more severe problems. Items are listed by the magnitude of this average rating.
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Figure 3. Ratings of the frequency, impact, and
persistence of usability concerns related to each
system. Higher values indicate more severe usability
concerns.

of their ratings of frequency, impact, and persis-
tence. These values were initially averaged to
compute a single indication of the relative mag-
nitude of each usability concern (Table 2).
These values demonstrated that the usability
concerns related to the wearable interface were
not only the most prevalent, but also the most
intrusive, with seven of the top eight concerns
unique to the wearable interface.

Averaged ratings of frequency, impact, and
persistence for the usability concerns of each
system were also compared through repeated
measures ANOVAs (Figure 3). A significant
main effect was found for system type for fre-
quency, F(2, 14) = 27.653, p < .001; impact,
F(2, 14) = 20.026, p < .001; and persistence,
F(2,14) =15.281, p < .001. Post hoc compari-
sons of frequency determined that the usability
concerns for the wearable interface were rated
significantly higher (M =2.90, SD = 0.414) than
were those from both the desktop interface (M =
1.40, SD = 0.577, p < .001, d = 3.04) and the
GDIS software (M =2.20, SD =0.637, p =.003,
d = 1.33), with the GDIS software also rated
higher than the desktop interface (p = .011, d =
1.33). For impact, the usability concerns from
the wearable interface were again rated signifi-
cantly higher (M = 2.68, SD = 0.502) than those
from both the desktop interface (M = 1.50, SD =
0.563, p = .001, d = 2.21) and the GDIS soft-
ware (M =1.84,SD=0.615,p <.001,d=1.50),
with no significant difference between the desk-
top and GDIS (p = .193). The same pattern

emerged from ratings of the persistence of the
usability concerns, with the wearable interface
again rated significantly higher (M =2.77, SD =
0.543) than both the desktop interface (M =
1.56, SD = 0.610, p = .003, d = 2.10) and the
GDIS software (M =1.95, SD=0.587, p <.001,
d=1.46), with no significant difference between
the desktop and GDIS (p = .155).

For the sake of brevity, only the most poorly
rated usability concerns of each system are pre-
sented. A more thorough discussion is provided
by Barnett and Taylor (2010). For the wearable
system, the most poorly rated usability concern
described the difficulty users had aiming, result-
ing from inaccurate calibration and tracking of
the weapon controller, as well as interference
with the head-mounted display (HMD) when
attempting to hold the weapon in a correct firing
position. Evaluators also found the front hand-
grip controls cumbersome, with the button(s)
required for each function difficult to remember
given their arbitrary mapping.

The most poorly rated usability concern for
the virtual environment was the difficulty deter-
mining cardinal direction. GDIS provides no
dedicated compass; to find a heading the user
must open an overhead map view, which has a
small compass overlaid. The evaluators found it
difficult to interpret their avatar’s heading
through this method, regardless of simulator
interface.

The most problematic usability concern with
the desktop interface was the result of acciden-
tally pressing the “Windows” key (located
between the “Control” and “Alt” keys on stan-
dard Windows-compatible keyboards). This
key is easy to press inadvertently when using
the “Shift” or “Control” key to run or crouch.
Doing so closes GDIS to show the computer
desktop and open the Windows Start menu,
completely interrupting the virtual environ-
ment. Although an intrusive problem, this can
be easily avoided by disabling the “Windows”
key functionality in the system settings.

Discussion

Relative usability of the desktop and wear-
able simulators. As predicted, this evaluation
demonstrated that the desktop interface was
easier to use than the wearable system. When
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the usability concerns of the desktop interface
were combined with those of the GDIS envi-
ronment, there were fewer and less severe con-
cerns than for the wearable system combined
with the GDIS environment. This suggests that
soldiers who use the GDIS environment for
training would find it easier with the desktop
interface than with the wearable interface.
Although this evaluation showed the wearable
interface to be more difficult to use, this does
not necessarily guarantee that it provides
poorer training than a desktop computer. Stud-
ies 2 and 3 evaluated the training effectiveness
of each system to determine exactly what ben-
efit, if any, is achieved from the use of the
wearable interface.

STUDY 2: RETENTION OF
DECLARATIVE KNOWLEDGE

Method

Participants. Participants were university
undergraduates who were compensated with
course credit. A total of 98 students participated
(66 males, 32 females; age: M = 18.9, SD =
2.19).

Procedure. Participants first completed a
series of questionnaires, beginning with a sim-
ple demographics questionnaire used to collect
their age, gender, dominant hand, and to ensure
that they had normal sensory abilities and had
no prior military experience. Participants then
completed the Simulator Sickness Question-
naire (SSQ; Kennedy, Lane, Berbaum, & Lil-
ienthal, 1993), short form of the Dundee Stress
State Questionnaire (DSSQ; Matthews, Emo, &
Funke, 2005; Matthews et al., 1999), Immersive
Tendencies Questionnaire (ITQ; Witmer &
Singer, 1998), and Game Experience Measure
(GEM; Taylor, Singer, & Jerome, 2009). The
GEM was modified to assess the participant’s
knowledge of first-person shooter games spe-
cifically, in addition to the original measure of
general video game experience and knowledge.
Following these questionnaires, the participants
completed the Game-Based Performance
Assessment Battery (GamePAB; Chertoff,
Jerome, Martin, & Knerr, 2008; Taylor et al.,
2009), a measure of their video game skill.

Participants were then trained on basic Army
movement procedures, such as concealment

techniques, firing positions, and correct grenade
usage. These tasks were representative of the
basic skills learned by all soldiers early in their
training and were selected for use with the nov-
ice participants. This skill set included many
tasks that required crouching, aiming, and
shooting, all actions for which the wearable
interface provided greater physical fidelity than
the desktop interface.

Participants were randomly assigned to one
of three training conditions: desktop, wearable,
or Interactive Multimedia Instruction (IMI).
Participants in the desktop and wearable condi-
tions used the same systems described in
the usability study. They were trained on the
simulator controls and allowed approximately 5
minutes to practice on their own. They were
then trained on the procedural tasks in the simu-
lators. The training consisted of the participant’s
avatar following an avatar controlled by an
expe